Introduction
In April 2000 it was agreed to organise a CCQM P29 pilot study Cd in rice as jointly proposed by IRMM and NMIJ. At the Inorganic Analysis Working Group meeting in Paris, 2-6 April 2001, it was agreed to split the CCQM P29 into two parallel comparisons. These were a key comparison for Cd in rice CCQM K24 and a pilot study CCQM P29 for Cd and Zn in rice. Participants not wanting to take part in the key comparison for Cd, had the possibility to demonstrate their measurement capabilities via participation in the pilot study.
The pilot study CCQM-P29 is an activity of the "Inorganic Analysis Working Group" of the CCQM.
The same samples measured by the CCQM-P29 participants were also used for the key comparison CCQM-K24 and the EUROMET project 565. Field laboratories will also measure these samples in the framework of IMEP-19.
Rationale of this comparison
Rice seems to be the oldest cereal cultivated. It is the main foodstuff for about half of the world's population. The vast majority of the world's rice is grown and consumed in Asia. In Latin America and Africa rice is also among the major nutrients. For the last decades rice consumption has been expanding beyond the traditional rice-grown areas, particularly in Europe. In order to protect public health it is essential to keep contaminants at levels, which are toxicologically acceptable, thus surveillance measures were taken regarding the presence of contaminants in foodstuff, including rice.
Cadmium may induce dysfunctions and reproductive deficiencies in humans and is suspected to act as a human carcinogen. Therefore Cd maximum levels in foodstuff, which is the main source of human intake of Cd, are set in relevant regulation [1, 2] .
Zinc is well known as an essential trace element for humans. It is proven to be an essential factor in over 100 enzymes. Recently the European Commission has requested the Scientific Committee on Food (SCF) to review the upper level of daily intake of zinc. [3] .
Participation in CCQM-P29
Participants in CCQM-P29 are listed in Table 1 . 
Sample
The CCQM-P29 sample is a fine rice powder bottled in glass containers each one containing ~ 15 g of material. The rice powder originates from rice grown in Cd contaminated water. It was provided by NMIJ in glass containers, filled with 60g rice each. At IRMM the rice was reprocessed into smaller units (15g each).
Within-bottle homogeneity tests were carried out on 20 sub-samples of 8 bottles using solid sample Zeemann Atomic Absorption Spectrometry (SS-ZAAS). Between bottle homogeneity tests were performed applying IDMS and INAA by analysing 2 sub-samples of 5 bottles for each element. Results from both measurements were evaluated accordingly and compared to procedures established in ISO 35 used for the certification of reference materials and based on analysis of variance ANOVA [4, 5] . No significant difference was observed.
The samples and information/instructions documents were made available to CCQM-P29 participants during the month of June 2001. The deadline for reporting of results and uncertainties was 30 th November 2001.
Instructions to the participants
The CCQM-P29 samples with the information documents were sent to all participants who had expressed their interest in participating in the previously agreed CCQM-P29 Cd in rice study. In addition a letter stressing the two different "natures" of the pilot study and the key comparison and a registration sheet for the key comparison CCQM-K24 was added. Only participants who sent a signed "declaration for participation in the CCQM-K24, Cd in rice" to IRMM prior to result reporting were considered as participants in the CCQM-K24 key comparison. Participants who did not send this registration sheet to IRMM were considered as participants in the pilot study CCQM-P29. 
Instructions and results for determination of dry-mass correction
The determination of the moisture content of the samples is to some extent "operationally defined" [6, 7] . When the study was launched it was not clear to which extent this would be the case for the rice sample. In view of the comparability of the results a protocol for correction of the moisture was prescribed to the CCQM-P29 participants. Following the protocol, the rice sample should be equilibrated with ambient conditions (successive weights should not differ more than 0.001 g). Any kind of contamination during this process had to be avoided. The Cd and Zn measurements had to be performed on a sub-sample of this "equilibrated" rice material. A separate portion of this "equilibrated" material, of minimum mass of 1 g, should be used for the "dry-mass correction".
The moisture content determination was a challenging task for the participants, to be performed for the first time in the scope of a key comparison/pilot study on a food matrix. Not all the participants could strictly follow the prescribed protocol for dry-mass correction. The different approaches of the CCQM-K24 participants to determine the moisture content in the rice were discussed at the IAWG meeting in April 2002 in Paris. This topic is summarised and discussed in more detail in Annex C of the CCQM-K24 final report.
In retrospect looking at the reported measurement results for Cd and Zn, the original concerns about the "non-comparability" of measurement results were not fully justified.
The majority of the participants reported correction for dry-mass as a minor contribution to their overall uncertainty budget (0.1%-10%). NIST reported that correction for dry-mass was the major contribution to the overall uncertainty for their measurements.
In Table 2 and Table 3 the correction factors reported by the participants for dry-mass correction with their relative uncertainties and the method used are listed next to the relative uncertainties of the reported measurement results for Cd and Zn. 
Further investigations of the moisture content in the rice
The ICP-MS group at IRMM carried out a thorough study on the determination of the water content and the hygroscopic behaviour of the rice sample [8] . Three independent methods (K.F. Titration, oven method and thermogravimetry) were compared to determine the moisture content of the non-equilibrated rice sample and two independent methods to determine the moisture content of the humidity equilibrated rice sample. Furthermore, the measurement results for the Cd amount content were compared in view of the various corrections for moisture content and moisture uptake on the equilibrated and nonequilibrated sample. As a result of this study it was shown that there was no significant difference in the result of the Cd amount content for this rice material using the different approaches for moisture content determination.
Instruction for reporting of results and uncertainty
During the IAWG meeting in October 2001 in Geel agreements for reporting and estimating uncertainty for CCQM studies and key comparisons were made. They were summarised in a memorandum that was passed on to all participants. A check-list was sent to all CCQM K24 and CCQM P29 participants in order to help them to comply with the changes in reporting uncertainties compared to previous comparisons (see below). It was emphasised that the "instruction for uncertainty evaluation for CCQM-K24" as enclosed in the information package was meant to be as an example that participants can adapt to their own needs. Most of the participants responded to this request, sending back detailed result reports adapted to their measurement procedures.
Do not report hand-written results and uncertainties
One participant (NARL) reported hand-written results. Another participant (LNE) filled in the questionnaire manually.
State your measurement equation
Two participants (VNIIM-1, VNIIM-2) did not state explicitly their measurement equation or referred to an equation as given in the information package or in the open literature.
State your input quantities
All participants reported their input quantities within their uncertainties. In some cases not all of the input quantities as given in the measurement equation were reported.
Include factors related to sample treatment in your measurement equations
There were three participants (NMi-TU-Delft, VNIIM-1, VNIIM-2) who did not include a factor for dry mass correction in their equation. Four participants (CENA, CENAM, VNIIM-1, VNIIM-2) did not include a factor related to sample preparation in their measurement equation.
Describe the applied evaluation process and type of assumed distribution for your uncertainty estimation
Only one participant (NARL) stated the applied evaluation process and also added the assumed distribution for the evaluation of each parameter in their uncertainty budget. The majority (10 participants) stated the applied evaluation process (type A or type B uncertainty). One participant (BAM) reported the assumed distribution for the evaluation of the uncertainty of each input quantity, but not the applied evaluation process. Three participants (CENA, IRMM, PTB) neither stated the evaluation process nor the type of assumed distribution.
Methods and instrumentation used
The CCQM-P29 participants applied either isotope dilution or neutron activation for the measurement of the Cd and Zn amount content in the rice. VNIIM used IDMS and external standard calibration for the Cd measurement and external standard calibration for the Zn measurement. The majority of the participants used mass spectrometry as the analytical method. One participant (BAM) used thermal ionisation MS (TIMS), three participants (CENAM, KRISS, LGC) used ICP-magnetic sector field MS and four participants (LNE, NIST, NRC and VNIIM) used ICP-QMS. NMIJ (He as collision gas) and NARL used ICP-QMS with collision cell. Three participants used INAA (CENA, NIST and NMi). IRMM used k 0 -NAA for the Zn measurement. VNIIM-2 reported a result for Zn using ICP-AES. Table 4 gives an overview of the method applied and the instrumentation used by each CCQM-P29 participant for the Cd measurements. Table 5 gives an overview of the method applied and the instrumentation used by each CCQM-P29 participant for the Zn measurements. In Table 6 and Table 7 all the questionnaire data are summarised for Cd and Zn measurements. 
CCQM-P29 participants' results
The CCQM-P29 participants' results, as reported to the pilot institute (IRMM), are given in Table 8 and Table 9 . They are graphically displayed in Figure 1 and Figure 2 . All uncertainties given are expanded uncertainties. The coverage factors given was k=2. KRISS reported a result for Zn with a coverage factor k=1.98. To be complete the results for Cd measurements from all participants in CCQM-P29 and CCQM-K24 are plotted in Figure 3 . 
Summary statistics of this study
In Table 10 the mean, the median and the weighted mean are given for the CCQM-P29 study with a coverage factor k=2. There were no significant differences between the three values observed for Cd and for Zn. * uncertainty of the mean estimated as stdev. of the mean **uncertainty of the median was estimated applying "robust statistics" [9] ***uncertainty of the weighted mean estimated as stdev. of the weighted mean Although there is no need to agree on a KCRV in a pilot study, the CCQM-K24 KCRV is included in Figure 1 and Figure 3 . The arithmetic mean of participants' results for the Zn measurements is included in Figure 2 as information to the CCQM-P29 participants.
Discussion
The pilot study CCQM-P29 Cd in rice dealt for the first time with a food matrix. The sample treatment is complex, including acid digestion, which can result in losses and higher blank values. Furthermore the measurement of the moisture content of the rice was a "challenging task" and an additional source of uncertainty. The CCQM-P29 protocol for dry-mass correction emphasised the fact that corrections for moisture content and hygroscopic effects, if not correctly applied and implemented in the overall uncertainty budget, have a major impact on the result of an amount content measurement and it's comparability when analysing a food matrix. In case of this rice material it could be proven by means of thorough studies of the properties of the rice that the reported results for the Cd and Zn amount content in CCQM-P29 are comparable, despite the slight differences in the applied methods for dry-mass correction.
The performance of participants in the CCQM-P29 was very good. Laboratories participating in CCQM-P29 and/or CCQM-K24 could prove their measurement capability to measure Cd and Zn in rice. The good agreement of results in CCQM-P29 clearly showed "how far the light of the key-comparison CCQM-K24 shines". There is no further need to organise a key-comparison on Zn in rice.
After approval by the CCQM this study will be published in the "Technical Supplement to Metrologia".
